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[57] ABSTRACT

A synchronizing signal generator for a PAL television
signal processing system includes a frequency divider
which divides a reference signal from a reference oscil-
lator to produce a color sub-carrier signal. A pulse
subtracting circuit subtracts a predetermined number of
pulses per line to remove an offset in the reference
oscillator frequency relative to a frequency required for
producing synchronizing signals. The resulting offset-
removed signal is frequency divided to provide televi-
sion horizontal and vertical synchronizing frequency
signals. The synchronizing frequency signals are used to
produce a color framing signal which can be used by
external circuits to identify a particular one of each of
the sequential sets of eight fields which make up a PAL
television signal. The color framing signal also resets or
presets the frequency divider for establishing a prede-
termined phase relationship between the color sub-car-
rier signal and the color framing signal. ~ |

13 Claims, 35 Drawing Figures
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1
SYNCHRONIZING SIGNAL GENERATOR FOR A
PAL TELEVISION SIGNAL PROCESSING
' SYSTEM

BACKGROUND OF THE INVENTION

The present invention generally relates to a synchro-

nizing signal generator for a PAL television signal pro-
cessing system, and is directed more particularly to a
| synchronizing signal generator to enable a color televi-
sion camera to encode a video signal accordmg to the
- PAL television system.

In the color television signal of the PAL system, the

following relationships exist among the color sub-car- |

rier frequency fsc, the horizontal synchronizing fre-
quency fg and the vertical synchronizing frequency fy~

v =5 I
fsc = (284 — 1) fir + == /1 or (1)
Jsc = “35 ff{ : fv | (2)

The above relationships are established so that, when
the color sub-carrier signal component is mixed with
the luminance signal and dark and bright dots are pro-
duced on a television picture tube, these dots are not
conspicuous to a viewer.

If a reference oscillator with an oscillation frequency
the same as the frequency fsc of the color sub-carrier is
~provided and the oscillation output therefrom is fre-
quency divided, synchronizing frequency signals hav-
ing the relationship (2) cannot be produced. More par-
ticularly, it is necessary that a signal whose frequency is
lower than that of the color sub-carrier frequency fscby
4f1(=25 Hz) be provided and then frequency divided.
Due to this non-integral relationship, such a synchroniz-
ing signal forming circuit cannot be provided by a digi-
tal circuit alone since digital frequency division is lim-
ited to division by an integer. It is theoretically possible
to use a reference oscillator, whose oscillation fre-
quency is equal to the color sub-carrier frequency fsc
times the least common multiple of the denominators in
equation (1). With such a reference oscillator fre-
quency, both the color sub-carrier signal fsc and the
horizontal and vertical synchronizing frequency signals
can be provided by merely frequency dividing the out-
put from the reference oscillator. However, this re-
quires that the reference oscillator generate a frequency
of about 11 GH;. Such a high frequency reference oscil-
lator is not practical at the present time.

OBJECTS AND SUMMARY OF THE
INVENTION

Accordingly, it is an object of the present invention
to provide a novel synchronizing signal generator for a
PAL television signal processing system.

Another object of the present invention is to provide
a synchronizing signal generator, as aforesaid, which
can employ digital circuits.

It 18 a further object of the invention to provide a
novel synchronizing signal generator for a PAL televi-
sion signal processing system which produces a color
framing signal and contains means for synchronizing

the phase of a color sub-carrier to the phase of the color
framing signal.
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It is a further object of the invention to provide a
synchronizing signal generator for a PAL television
signal processing system which provides a color fram-
ing signal and contains means for synchronizing the
phase of the color sub-carrier signal and the vertical

synchronizing signal to the phase of the color framing

signal.

According to an aspect of this mventlon a color
framing signal is provided by frequency dividing the
oscillation frequency 4fsc down to ify, and such color
framing signal is used to reset or preset a counter which
counts down or frequency divides the oscillation fre-
quency 4fscto produce the color sub-carrier signal Ssc.
Thus, the phases of the color framing signal and the

- color sub-carrier signals are established in a predeter-

20

mined relationship which permits malntalmng color
synchronization during editing.

More particularly, according to an aspect of the pres-
ent mvention, there is provided a synchronizing signal
generator for a PAL television signal processing system

- of the type employing a plurality of sequentially repeat-
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ing color fields, a color subcarrier signal having a fre-
quency of fsc, a horizontal synchronizing signal having
a frequency of f; and a vertical synchronizing signal
having a frequency of f: such synchronizing signal
generator comprising means for providing a reference
signal having a frequency of P-fgc (where P is an inte-
ger) satisfying the equation:

fsc = (284 — } fiy + 1/625 f;,
= 1135/4 fr, + § fy

means for dividing the reference signal by P to provide
the color sub-carrier signal, means for periodically re-
moving a predetermined number of cycles from the
reference signal to produce an offset-free reference
signal, means responsive to the offset-free reference
signal for producing the vertical and horizontal syn-
chronizing signals, means responsive to the offset-free
reference signal for generating a color framing signal
which identifies a particular one of each of the plurality
of sequentially repeating color fields of the PAL televi-
sion signal, and means for synchronizing the means for

dividing with the color framing signal, with said means

for synchronizing employing the color framing signal,
the reference signal and the offset-free reference signal.

The above, and other objects, features and advan-
tages of the present invention, will become apparent
from the following description read in conjunction with
the accompanying drawings in which like reference
numerals designate the same elements.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 1s a block diagram of a synchronizing signal
generator according to an embodiment of the present
invention;

FIGS. 2A-2H, 3A-3C and 4A-4K are respectively
waveform diagrams to which reference will be made in

explaining the operation of the embodiment of the in-

vention shown in FIG. 1;
FIG. 5 1s a waveform diagram showing a color fram-
Ing pulse inserted into a color television signal; and
FIG. 6 is a block diagram of a portion of a synchro-
nizing signal generator according to a second embodi-
ment of the invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Before proceeding with a detailed description of the

illustrated embodiments of the invention, the theoretical 5
basis therefor will be described. In this connection, 1t

will be seen that, if both sides of equation (2) are multi-
plied by 4/7, the following equation (3) is obtained:

4/7 fsc=Fsc=162 fy+1/7 fu+2/7 fv (3) 10

Thus, it will be apparent that the frequency Fgsc,
which is obtained by multiplying the color sub-carrier
frequency fscby 4/7, has a 1/7 offset with respect to the
“horizontal synchronizing frequency fg and also a 2/7 15
offset with respect to the vertical synchronizing fre-
quency fy. The 1/7 offset is one cycle of a reference
signal having a frequency of 4fsc and the 2/7 offset is
two cycles of the reference signal.

Since the signal with a frequency Fsc can be pro- 20
duced by counting down or frequency dividing a refer-
ence signal having a frequency of 4fscby 7, if the signal
which is supplied to a counter serving as the frequency
divider for producing the signal with the frequency
- Fsc from the reference signal, has one cycle removed 25
from it each horizontal period and has two additional
cycles removed from 1t every vertical period, a signal
S’'ohaving a frequency F'scis produced from which the
offset has been removed.

If a signal having a frequency equal to an even inte- 30
gral multiple of the horizontal synchronizing frequency
(e.g. 2fy) s produced from the signal with the fre-
quency F'sc, the required horizontal and vertical syn-
chronizing frequency signals can be produced by count-
ing down or frequency division. 35

The periodic removal of 1 and 2 cycles from the
reference signal introduces a small amount of jitter
therein. Such jitter can be removed using a phase
locked loop having suitable time constant and gain. The
same phase locked loop may be employed to produce 40
the frequency equal to an even integral multiple of the
horizontal synchronizing frequency.

Since the frequency dividers used in a synchronizing
signal generator come up in random states when the
power is first turned ON, the phase relation among the 45
signals Sy, Syand Sgcis initially random. Accordingly,
as will appear below, means are provided according to
the present invention to establish a known phase rela-
tionship therebetween. |

When color television signals from a plurality of 50
sources such as, for example, television cameras and/or
video tape recorders, are to be edited into a single sig-
nal, the phase of the color sub-carrier signal f5c in the
single signal should preferably follow the normal un-
broken phase sequence through the points where 55
sources of signals are changed in order to avoid discon-
tinuity in color synchronization. To accomplish such
phase synchronization, a color framing signal is pro-
duced for identifying a particular one of each sequence
of eight fields (four frames) making up a PAL television 60
signal. The form of such a color framing signal is well
known (for example, in U.S. Pat. No. 4,115,800 issued
on Sept. 19, 1978, which has a common assignee with
the present application). Such a color framing signal
may be recorded on a magnetic track (CTL track) of a 65
video tape recorder to provide a timed identification

pulse during playback for indicating the phase of the
color sub-carrier.

4

The relative phases of the color sub-carrier signal, the
horizontal synchronizing signal and the vertical syn-
chronizing signal repeat each eight field periods in the
PAL system. In order for the color framing signal to

identify a particular one of the eight fields of the PAL
system, the color framing signal must occur no oftener
than once per eight frames. The color framing signal

must be at most § the frequency of the vertical synchro-
nizing signal. Unless synchronizing means are provided,
the phase of the color sub-carrier signal Ssc, which is
provided by counting down the reference signal fre-
quency 4fsc by %, would be random with respect to the
phase of a signal frequency of §fy, which is provided by
a separate frequency dividing operation. Due to such
phase randomness, a signal which i1s merely counted
down to a frequency 4fyis not useful as a color framing
signal. However, in accordance with this invention, a
color framing signal provided by frequency dividing
the oscillation frequency 4fsc down to 3fy is used to
reset or preset a counter which counts down or fre-
quency divides the oscillation frequency 4fsc to pro-
duce the color sub-carrier signal Ssc, so that the phases
of the color framing signal and the color sub-carrier
signals are established in a predetermined relationship
which permits maintaining color synchronization dur-
ing editing.

Referring now to FIG. 1, it will be seen that, in the
synchronizing signal generator according to this inven-
tion, as there illustrated, a reference or pulse oscillator 1
produces a reference signal or pulse train Sp having a
frequency of 4fsc. Reference signal Sp i1s supphed
through a pulse subtracting circuit or offset removing
circuit 2 to a 1/7 frequency divider 3 which produces a
frequency-divided output signal S’o (having a fre-
quency of F'sc=4/7fsc). F'sc 1s not exactly equal to
4/7fsc since offset removing circuit 2, by periodically
blocking or removing cycles of reference signal Sp,
modifies the frequency slightly as will be explained.
Signal S'p is then frequency-divided by 81 in a 1/81
frequency divider 4 to produce an output signal Syz
having a frequency of 2y which is further frequency-
divided by 1/625 frequency divider S to produce a
vertical synchronizing frequency signal Sy and 1s also
frequency-divided by a 3 frequency divider 6 to pro-
duce a horizontal synchrenizing frequency signal Sy
having a frequency of fg. Horizontal -synchronizing
frequency signal Sy corresponds to the signal S'p di-
vided by 162.

The 1/7 offset per cycle of the horizontal synchroniz-
ing frequency fg corresponds to one cycle of the refer-
ence signal Sp supplied to 1/7 frequency divider 3 per
horizontal interval, and the 2/7 offset per cycle of the
synchronizing frequency fy corresponds to two cycles
of the reference signal Sp per vertical interval. There-
fore, one pulse of the reference signal Sgsupplied to 1/7
frequency divider 3 is blocked or removed every hori-
zontal period and an additional two pulses are removed
every vertical interval. Hence the offset-free frequency-
divided output §'p with the frequency of F'sc(=162{y)
applied to frequency divider 3 contains no offset.

Offset removing circuit 2 includes an AND gate cir-
cuit 8 for removing selected pulses of the reference
signal Sp applied to an input terminal thereof. A first
gate pulse generator 9 receives the vertical synchroniz-
ing frequency signal Sy from 1/625 frequency divider S
and produces a gate pulse Pgy having a width equal to
two cycles of reference signal Sg. A second gate pulse
generator 10 receives the horizontal synchronizing fre-
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quency signal Sg from 3§ frequency divider 6 and pro-
duces a gate pulse Py having a width of one cycle of
reference signal So. Gate pulses PGy and Pgy are sup-
plied through a NOR gate circuit 11 to the other input
terminal of AND gate circuit 8. When either of gate
pulses PGy and Pgyis “1” or high, AND gate circuit 8
is inhibited or closed to thus prevent the passage there-
through of a corresponding number of cycles of refer-
ence signal Sp. Gate pulses Pgy and Pgy are timed to
follow their respective triggering signals by different
amounts in order to not overlap. Gate pulse Pgy, for
example, may be timed to occur immediately after re-
ceipt of horizontal synchronizing frequency signal Sy at
the second gate pulse generator 10 whereas the begin-
ning of gate pulse Pgymay be delayed to begin after the
completion of gate pulse Pgy. Thus, AND gate circuit
8 may block or remove the first cycle of reference signal
So in response to the gate pulse Pgy produced, for
example, by the positive-going transition of horizontal
synchronizing frequency signal Sy, and may block or
remove the second and third cycles of reference signals

in response to gate pulse PGy produced, for example, by

the positive-going transition of the vertical synchroniz-
ing frequency signal Sy. There is, of course, no require-
ment that the removed pulses be contiguous, but in-
stead, they may be separated from each other on a hori-
zontal line or on separate lines.

The first horizontal synchronizing frequency signal
Sy 1n an odd field and the corresponding vertical syn-
chronizing frequency signal Sy occur at substantially
the same time. At about this time, three cycles of refer-
ence signals Sp should be blocked or removed by AND
gate circuit 8. .

Since the first horizontal frequency signal Sy in an
even field is spaced 0.5 H from the corresponding verti-
cal synchronizing frequency signal, overlap of gate
pulses PGy and Pgy is not a problem. However, the
relative timing of gate pulses Pgy and Py following
their respective triggering signals Sy and Sy which are
established to avoid overlap in the odd fields can be
used in the even fields without modification.

Due to the earlier referred to uneveness resulting
from the removed cycles of reference signal Sg, hori-
zonta' and vertical synchronizing frequency signals Sy
and ¥ _ontain a small amount of jitter, and cannot be
directly used for producing horizontal and vertical sync
signals. Instead, horizontal synchronizing frequency
signal Sy is fed to a phase locked loop 20 which elimi-
nates the jitter and produces a smoothed horizontal
frequency signal Sy having no offset therein and a signal
S24 having a frequency of 2f},.

A voltage controlled oscillator 21 has an oscillation
frequency of 2nf; (n=1 and f; is the desired horizontal
synchronizing frequency). The output of voltage con-
trolled oscillator 21 is supplied to a 1/n frequency di-
vider 22 to be frequency-divided by n and hence to
produce a signal Sy, having a frequency of 2f;. The
signal Sy is fed to a # frequency divider 23 where it is
frequency-divided by 2 to produce the smoothed hori-
zontal synchronizing signal S;. Horizontal synchroniz-
iIng signal S; is applied to an output terminal 23a.
Smoothed signal Sy and the horizontal synchronizing
frequency signal Sy containing jitter are applied to a
phase comparator 24 which supplies. a_control voltage
through a low pass filter 25 to voltage controlled oscil-
lator 21. Using phase locked loop 20, the phase of the
signal S, is made coindident with that of the signal Sg
and the jitter in signal Sy is removed. In addition to its
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6

use in producing the horizontal synchronizing fre-
quency signal, signal Sy from the 1/n frequency divider

22 1s frequency-divided by 625 in 1/625 frequency di-

vider 27 to produce a jitter-free vertical synchronizing
frequency signal S, which is delivered to an output
terminal 274, Signals §;, and S, are supplied to a syn-
chronizing signal generator circuit (not shown) which
produces well known horizontal and vertical synchro-
nizing pulses. A suitable synchronizing signal generator
circuit is described in detail in U.S. Pat. No. 4,162,508
which was issued on July 24, 1979 and assigned to the
assignee of this application. |

The signal Sy is also supplied to a burst flag pulse
(BF) generating circuit 28 and a line alternate signal
(ALT) generating circuit 29 (peculiar to the PAL sys-
tem) which then apply signals BF and ALT to their
output terminals 28a¢ and 29q, respectively. Signals BF
and ALT are phase synchronized with other signals
from the apparatus by being reset (or set) by a color
framing signal Pr (which will be described later).

The color sub-carrier signal Sgc is produced by a 3}
frequency divider 30 which divides reference signal So
from reference oscillator 1 by 4 and applies the color
sub-carrier signal Sgc to an output terminal 30a. The
relative phase of the color sub-carrier signal Sgc in a
PAL system repeats every 8mV (m=1,2,3..,.and .V
is the field period). Thus, a color framing signal PFmust
have a period corresponding to at least 8 field periods.
A color framing signal generating circuit 40, in which m
is 1, produces color framing signal Pz having such a
period. |

Vertical synchronizing frequency signal Sy can be
thought of as signals Syp and Syg (FIGS. 2B and 2C)
which are delivered from the 1/625 frequency divider 5
(where O indicates the signal associated with the odd
field and E indicates the signal associated with the even
field). Signals Syp and Syz are applied to an input of an
exclusive OR circuit 42. Delay time D; results from
propagation delays in frequency dividers 3, 4 and 5.
Signals S'yo and S'yg (FIGS. 2D and 2E), which are
provided by additionally delaying the signals Sy and
Syeby D;in a delay circuit 41, are supplied to the other
input of exclusive OR circuit 42. Accordingly, exclu-
sive OR circuit 42 produces a pulse output Py during
the time that its two inputs are different (that is, during

delay time Dj). Output Py includes an output P'pp

(FIG. 2F) associated with the odd field and an output
P've (FIG. 2G) associated with the even field. The
output Py from exclusive OR circuit 42 and the horizon-
tal synchronizing frequency signal Sy from 4 frequency
divider 6 are supplied to an AND gate circuit 43 to
produce an output Po (FIG. 2H) only in response to the
odd field signal P'yo. This relates the phase of color
framing signal Prto the phase of horizontal and vertical
synchronizing frequency signals Sy and Sy,

The output Pofrom AND gate circuit 43 (also shown
in FIG. 3A), is supplied to a i frequency divider 44
which produces a frequency divided color framing
signal Pr having a period equal to eight field periods
(FIG. 3B). A positive-going edge of color framing sig-
nal Pr(FIG. 3B) may be used to trigger a conventional
pulse generator (not shown) to produce a pulse P'r
(FIG. 3C) occurring once per eight field periods. Color
framing signal Pg or pulse P'r is obtained only in the
first of eight fields, so that it corresponds to a particular
one of the first to eight fields (namely the first field).
Color framing signal Pr(or P'p) is applied to an output
terminal 44q. |
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In order to match the color framing of two color
television signals, the phase relation between the color
framing signal Pror P'rand the color sub-carrier signal
Ssc of the two color television signals must be the same.

However, when the power is first turned ON, } counter

or frequency divider 30 may begin at any one of four
possible counts. For example, a color sub-carrier signal

Sscshown in FIG. 4B has a positive-going transition at
the positive-going edges of the first, fifth, ninth and
thirteenth pulses of the pulse train Sp shown in FIG.
4A. However, due to an initial count in 4 counter 30 at
turn-on, the positive-going transitions of color sub-car-
rier signal Sgc may coincide with the positive-going
edges of the second, sixth, tenth and fourteenth; the
third, seventh, eleventh and fifteenth; and the fourth,
eighth, twelfth and sixteenth of the pulse train Sp. Thus
there are four possible phase relations between the color
sub-carrier signal Ssc and the color framing signal Pg.
Unless a particular one of the four phase relations is
established after the power is turned ON, the color
framing signal cannot be used.

In order to perform the required phase synchroniza-
tion between color framing signal Pr(or P'f) and color
sub-carrier signal Ssc, a timing signal designating or
synchronizing circuit 50 produces a load, reset or preset
signal Sg4 which loads, resets or presets } frequency
divider 30 so that it contains a particular count (such as
“0”,“0”) at a time related to the phase of color framing
signal Pr (P’F). Thereafter, color sub-carrier signal Sgc
and color framing signal Pgr (P'p), being derived from

the same reference signal Sp, should cycle in the rela-

tive phase established by the presetting or resetting of 4
frequency divider 30. .

The delay of the color framing signal Pr from the
triggering edge of reference signal Sp, due to the exis-
tence of the counters or frequency dividers and the like,
may constitute a large fraction of a cycle or even more
than one cycle of reference signal Sp. Furthermore,
such délay may vary with the type of elements used in
the circuit and may also vary due to external factors
such as temperature and humidity. Load, preset or reset
signal Sg4 desirably has a period equal to no more than
one cycle of reference signal So. If the load signal S,4 is
wider than one cycle of the reference signal Sp, 3 fre-

quency divider 30 may not be loaded at the desired

time.

The color framing signal Pr with a period of eight
field periods is essentially gated by a cycle of reference
signal Sp with the frequency of 4 fsc in timing signal
demgnatmg circuit 50 to produce a load signal Sy4 oc-
curring at a precisely predictable time end having a
width equal to the effective portion of a cycle of refer-
ence signal So. |

Timing control circuit 50 includes first and second
timing control circuits 50A and 50B. First timing con-
trol circuit S0A includes two D-type flip-flop circuits 51
and 52 whose clear terminals C1 are supplied with the
color framing signal Prfrom } frequency divider 44 and
whose clock terminals Ck are supplied with the offset-
free reference signal S'p from 1/7 frequency divider 3.

At the beginning of the odd field when the positive
going leading edges of the vertical and horizontal syn-
chronizing frequency signals Syand Sy coincide, sngnals
S0, Ssc, Spand S’'p have the phase relation shown ‘in
FIGS. 4A to 4D. As described previously, at this time,
a total of three clock pulses are removed from the clock
pulse signal or reference signal Soby AND gate circuit
8. Although other proportioning is possible, 1/7 fre-
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quency divider 3 goes “1” or high for 4 cycles of signal
Sp, then goes “0” or low for the remaining 3 cycles of its
7-cycle sequence. The 1/7 frequency divider or counter
3 starts countmg at the arrival of the first pulse of the

pulse train Sp, and produces the signal S'p shown in
FIG. 4D. Note that cycles 2-4 of reference signal Spo
(FIG. 4A) are removed or blocked from signal Sp(FIG.

4C). D-type flip-flop circuit 51 is enabled by the voltage
B+ applied to its data terminals D;. When the color
framing signal Pris applied to D-type flip-flop circuit 51
delayed from the triggering edge of reference sngnal So
by 71 (FIG. 4E), an inverted output signal S;; is pro-
duced at the inverted output Q; of D-type flip-flop
circuit 51 in synchronism with the first positive going
edge of the signal §'pimmediately following the occur-
rence of color framing signal Pr (FIGS. 4F and 4G).
The inverted output signal Sy is applied to a data termi-
nal D; of D-type flip-flop c1rcu1t 52 which, in turn,
produces an output signal S, (FIG. 4H), at terminal Q;.
Signal S;; has a pulse width equal to one cycle of the
signal S’o (FIG 4D). Since output signal S, is always
produced in synchronism with the first cycle of signal
5’0 immediately following the color framing signal Pp,
the color framing signal Pris essentially gated by the
signal S'p and occurs at a precisely repeatable time.

The output 31gnal Sy from D-type flip<flop circuit 52
is supplied to clear inputs C1 of D-type flip-flop circuits
53 and 54 in timing control circuit 50B. The reference
signal Sp is applied to the clock inputs of D-type flip-
flop circuits 53 and 54. A DC voltage B+ is applied to
a data terminal D3 of D-type flip-flop circuit 53. An
inverted output signal Sy3 of D-type flip-flop circuit 53
(FIGS. 4I and 4)) is applied to a data terminal D4 of
D-type flip-flop circuit 54. At the beginning of the first
cycle of reference signal Sp following the appearance of
signal Sq3 (cycle 12 in FIG. 4A), a load, preset or reset
signal Sgq is applied to 3 frequency divider. As seen in
FIG. 4K, signal Sg4 is “1” or high for a single cycle of
reference signal So. Thus signal S,4 is essentially gated
by the reference signal Sp. Since the rise and fall of
signal Sgq is controlled by reference signal Sg, signal
S¢4 has a pulse width within one cycle or clock of the
reference signal Sg.

Upon the arrival of signal Sq4, } frequency divider 30
1s loaded or preset. For example, the contents of the two
stages of % frequency divider 30 may be as shown just
above FIG. 4A. At the end of cycle 8 of signal Sp(FIG.
4C), corresponding to cycle 11 of reference signal Sq,
signal Sgabecomes “1” or high (FIG. 4K). This loads or
presets the value “1”,“1” into } frequency divider 30.
The next cycle (cycle 12 in FIG. 4A) of reference signal
So triggers % frequency divider 30 into the “0”,“Q”
condition. (As shown in FIG. 4A, the phase of } fre-
quency divider 30 begins correctly so that no change is
made in the content thereof by load, preset or reset
signal Sg4.) The } frequency divider 30 thereafter con-
tinues to cycle in synchronism with color framing signal
Pr(P'p) from this correct reference condition.

F1G. S shows a color framing signal P’ inserted into
a color television signal every eighth field (8 V).

As described above, since the phase of } frequency
divider 30 is controlled by the color framing signal Pg,
the phase of color sub-carrier signal Sgcis synchronized
with the horizontal synchronizing frequency signal Sy
and color framing signal Pr. In addition, since 1/625
frequency divider 27, burst flag generator 28 and alt
signal generator 29 are reset by the color frammg signal
Pr, the proper relatwe phase of these signals is estab-
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lished. Therefore, if an editing device, such as a video
tape recorder, receives the color framing signal Pg
together with a color video signal from an associated
camera and the sub-carrier and other timing signals
described hereinabove, color synchronization can be
maintained through editing points.

Timing signal designating circuit 50 which loads,
presets or resets § frequency divider 30 establishes cor-
- rect synchronization a short time after the power is
turned ON, and is not normally needed thereafter. A
switch (not shown) may be optionally provided to dis-
connect or turn OFF timing signal designating circuit
S0 after synchronization has been completed.

Although reference signal So from reference oscilla-
tor 1 has a frequency of 4 fsc, this is not a necessary
limitation. For example, reference signal $'omay have a
frequency of P-fsc (where P is an integer). In this case,
other ratios in the frequency dividers are necessary but
their selection would be within the ability of one skilled
in the art.

The previously described embodiment of the circuit
places strict accuracy requirements on first and second
gate pulse generators 9 and 10. Gate pulse generator 10
must, for example, produce an accurately timed pulse of
precise width to remove or block a single cycle of refer-
ence signal Sp. Similarly, gate pulse generator 9 must
generate an accurately timed pulse having a width pre-
cisely equal to two cycles of reference signal Sp. Such
precise pulse requirements result'in an expensive circuit.

Referring now to FIG. 6, there is shown an embodi-
ment of the present invention which does not require
the precision in pulse width and timing which were
necessary in pulse subtracting or offset removing circuit
2 of F1G. 1. In FIG. 6, an offset signal generator 102 has
been substituted for pulse subtracting or offset remov-
ing circuit 2 of FIG. 1, a programmable divider or
counter 103 has been substituted for 1/7 frequency
divider 3 of FIG. 1 and a 1/81 frequency divider 104
which provides an external indication of the content or
number therein has been substituted for 1/81 frequency
divider 4. All other circuits of FIG. 6 are identical to
those of FIG. 1 and thus, only the circuits necessary for
explaining the difference in the embodiment of FIG. 6
are included therein.

The reference signal or pulse train Sp from reference
oscillator 1 is applied to an input of programmable di-
vider or counter 103. Programmable divider 103 is se-
lectably operative to divide its input signal by a factor
of 7 or 8 depending on the condition of a control input
applied thereto. When programmable divider 103 di-
vides its input by 8, this is the equivalent of subtracting
or blocking one cycle of reference signal Sp compared
to the situation when programmable divider 103 divides
its input by 7.

Offset signal generator 102 contains a decoder 105
recetving a plurality of signals from 1/81 frequency
divider 104. Decoder 105 produces an output signal
during three specific input counts in each cycle of 1/81
frequency divider 104. For example, decoder 105 may
produce an output signal when the contents of 1/81
frequency divider 104 equals 10, 20 and 30 or any other
three numbers which can be contained within 1/81
frequency divider 104. Decoder 105 thus applies three
pulses to offset controller 107, each exactly correspond-
ing in length of one cycle of signal F'sc during the first
half and during the second half of each horizontal inter-
val. Such a cycle of signal F'scmay encompass 7 cycles
of reference signal Sp when programmable divider 103

10

15

20

25

30

33

435

10

is operative to divide by 7 and may encompass 8 cycles
of reference signal Sp when programmable divider 103
is operative to divide by 8. The horizontal frequency
signal Sy is applied to a pulse generator 106 which
produces an enabling pulse signal Fyphaving a duration
which 1s not critical. Signal Sy is applied to a pulse
generator 108 which produces an enabling pulse Fyp
having a duration which is also not critical.

Programmable divider or counter 103 normally oper-
ates to divide reference signal Spby 7 to produce signal
F'sc. At the beginning of a line, an output signal from
1/81 frequency divider 104 triggers % frequency divider
6 nto producing a horizontal synchronizing signal
which, in turn, triggers pulse generator 106 into produc-
ing a signal Fyp which is applied to offset controller
107. When sufficient cycles of signal F'sc have been
produced by programmable divider 103 to increase the
count in 1/81 frequency divider 104 to a predetermined
one of the three numbers which are decodable by de-
coder 105, decoder 105 produces an output signal
which is applied through logic circuits (not shown) in
offset controller 107 to programmable divider 103 to
change the dividing ratio thereof to 8. This may occur,
for example, when the content or number in 1/81 fre-
quency divider 104 is 10. After eight additional cycles
of reference signal Sp are received in programmable
divider 103, its output signal F'sc changes the content
or number 1n 1/81 frequency divider 104 to, for exam-
ple, 11. This change causes decoder 105 to remove the
control signal applied through offset controller 107 to
programmable divider 103 and to thereby return pro-
grammable divider 103 to a dividing ratio of 7. Thus,
even though pulse Fgp has relatively broad tolerances,
the use of decoder 105 in conjunction with the output of
pulse generator 106 to produce the control pulse for
application to programmable divider 103 results in a
precisely timed control pulse operative to permit pro-
grammable divider 103 to perform exactly one com-
plete cycle at a dividing ratio of 8 and to then return to
a dividing ratio of 7. The 1/81 frequency divider 104
completes two counting cycles during a horizontal in-
terval. Although decoder 105 may again sense a content
of 10 in 1/81 frequency divider 104 during the second
half of a horizontal line, this does not result in a second
control pulse to programmable divider 103 for lack of a
gating signal Fyp at the input of offset controller 107.

The vertical synchronizing signal Sy applied to pulse

~ generator 108, produces an output pulse Fyp which is
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applied to an input of offset controller 107. Each time
signal Fyp occurs, the remaining two decoded signals
from decoder 105 are applied when they occur through
offset controller 107 to programmable divider 103.
Each of these signals changes the dividing ratio of pro-
grammable divider 103 from 7 to 8 for a total of 8 input
cycles of reference signal Sp and then returns the divid-
ing ratio to 7. For example, if decoder 105 is operative

- to decode numbers 20 and 30 in 1/81 frequency divider

65

104, when the content of 1/81 frequency divider 104
reaches 20, the decoded output is fed through offset
controller 107 enabled by signal Fyp to programmable
divider 103 for one cycle thereof. Later, when the con-
tent of 1/81 frequency divider 104 reaches 30, decoder
105 produces another pulse, gated through offset con-
troller 107 by signal Fyp to programmable divider 103.
Thus, following each vertical synchronizing signal Sy, a
total of two cycles of reference signal Sp are removed
during the production of signal F'sc. At the beginning
of the first line of each odd field, both the horizontal and
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vertical synchronizing signals Sy and Sy are produced.
During the first 0.5 H of the first line, decoder 105,
oftset controller 107 and programmable divider 103
remove three cycles of reference signal Sp. As is well
known, the horizontal and vertical synchronizing pulses
at the beginning of even fields are displaced by 0.5 H.
Thus, when the first horizontal synchronizing pulse Sg
of an even field is produced, pulse generator 106 pro-
“duces signal Fypfor application to offset controller 107
but, during the first 0.5 H of this line while 1/81 fre-
quency divider performs a complete cycle through its

10

range, no vertical synchronizing signal Sy is produced. ..

Thus, when decoder 105 decodes, for example, 10, from
1/81 frequency divider 104, it applies a control pulse
through offset controller 107 to programmable divider
103. However, during the first 0.5 H of this line, no
corresponding gating pulse Fyp is produced by pulse
~ generator 108. Thus, when decoder 105 decodes con-
tents 20 and 30 in 1/81 frequency divider 104, these
decoded signals are not gated through offset controller
107. Thus, during the first 0.5 H of the first line of an
even field, only one cycle of frequency signal So is
removed. In the second 0.5 H of the first line in an even
field; the vertical synchronizing signal Sy applied to
pulse generator 108 produces a signal Fyp for applica-
tion to offset controller 107. As 1/81 frequency divider
104 cycles through its range during the second 0.5 H of
this line, when decoder 105 decodes 10 in 1/81 fre-
quency divider 104, offset controller 107 does not gate
a control pulse to programmable divider 103 due to the
absence of a signal Fgpfrom pulse generator 106. How-
ever, when decoder 105 decodes counts of 20 and 30 in
1/81 frequency divider 104, control pulses are transmit-
ted through offset controller 107 to programmable di-
vider 103. Thus, in the first full line of an even field,
three cycles of reference signal Sp are removed as is
required.

During horizontal lines other than the first in a field,
the dividing ratio of programmable divider 103 is
changed from 7 to 8 upon decoding a count of 10 in
1/81 frequency divider 104 during the first 0.5 H of the
line and remains at a dividing ratio of 7 for the entire
second 0.5 H due to the absence of either signal Fyp
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from pulse generator 106 or signal Fypfrom pulse gen- 45

erator 108.

Having described specific preferred embodiments of
the invention with reference to the accompanying
drawings, it is to be understood that the invention is not
limited to those precise embodiments, and that various
changes and modifications may be effected therein by
one skilled in the art without departing from the scope
or spirit of the invention as defined in the appended
claims.

What is claimed is:

1. A synchromzlng signal generator for a PAL televi-
sion signal processing system of the type employing a
plurality of sequentially repeating color fields, a color
subcarrier signal having a frequency of fs¢, a horizontal
synchronizing signal having a frequency of f; and a
vertical synchromzmg signal having a frequency of f,,
comprising:

means for providing a reference sagnal having a fre-

quency of P-fsc (where P is an integer) satisfying
the equation:

Jsc= (284 — L /1) + -5-;-5—&

>0

35

63

12

-continued
1135
Jsc=—73—fo+ 2 /v

means for dividing said reference signal by P to pro-
vide said color subcarrier signal;

means for periodically removing a predetermined
number of cycles from said reference signal to
produce an offset-free reference signal;

means responstve to said offset-free reference signal
for producmg said vertical and horizontal synchro-
nizing SIgnals

means responsive to said offset-free reference signal
for generating a color framing signal which identi-
fies a particular one of each of said plurality of
sequentially repeating color fields of sald PAL
television signal; and

means for synchronizing said means for dividing with
sald color framing signal in response to said refer-
ence signal and said offset-free reference signal as
well as said color framing signal.

2. A synchronizing signal generator according to
claim 1; wherein said means for producing said vertical
and horlzontal synchronizing signals includes:

a phase locked loop including a voltage controlled
oscillator having a frequency 0f 2nf; in whlch n is
an mteger

means in said phase locked loop for controlling said
voltage controlled oscillator in dependence on said
offset-free reference signal; and |

means for frequency dividing said frequency of 2n-f},
for providing said horizontal and vertlcal synchro- |
.nizing signals.

3. A synchromzmg signal generator accordmg to

claim 1; wherein P is equal to 4.

4. A synchronizing signal generator according to
claim 3; wherein said means for synchronizing includes
a synchronizing circuit having first and second timing
control circuits, said first timing control circuit being
responsive to said offset-free reference signal and said
color framing signal to produce a first timing signal, said
second timing control circuit being responsive to said
first timing signal and said reference signal to produce a
second timing control signal, and said means for divid-
ing being responsive to said second timing control sig-
nal for establishing a predetermined phase relationship
of said color subcarrier signal with respect to said color
framing signal. '

5. A synchronizing signal generator according to-
claim 1; wherein said means for periodically removmg_'
mcludes gating pulse generating means responsive at-
least to said horizontal synchronizing signal for generat-
ing at least one gating pulse and offset removing means
operative in response to said gating pulse to remove at
least a predetermined portion of said reference signal.

6. A synchronizing signal generator according to
claim §; wherein said offset removing means includes a
gate circuit in series with said means for providing a
reference signal and said gate circuit is responsive to
said at least one gating pulse to remove said predeter-
mined portion of said reference signal. o

7. A synchronizing signal generator accordmg to
claim 6; wherein said predetermined portion is one
cycle of said reference signal.

8. A synchronizing signal generator according to
claim 7; wherein said gating pulse generating means is
further responsive to said vertical synchronizing signal
for generating at léast a second gating pulse and said
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gate circuit is responsive to said at least a second gating
pulse to remove two cycles of said reference signal.

9. A synchronizing signal generator according to
claim §; wherein said means for removing includes a
programmable counter operative to selectively divide
said reference by a first or a second value in response to
a control signal applied thereto, a controller operative

to produce said control signal in response to said at least
one gating pulse, and means for coinciding said control 1¢
signal to one cycle of said programmable counter.

10. A synchronizing signal generator according to
claim 9; wherein said means for coinciding includes a
frequency divider for frequency dividing an output of
sald programmable counter, a decoder for decoding at
least one condition of said frequency divider, and said
controller is further operative in response to said de-
coder to produce said control signal.

11. A synchronizing signal generator according to 5p
claim 1; wherein P is equal to 4, said means for periodi-
cally removing includes a programmable counter selec-
tively operable to divide said reference signal by 7 in the
absence of a control signal or by 8 in the presence of
said control signal, means responsive to each said hori- 25
- zontal synchronizing signal for generating said control
signal for 8 cycles of said reference signal, and means
responsive to said vertical synchronizing signal for gen-
erating said control signal for 16 cycles of said reference
signal. |

12. A synchronizing signal generator according to
claim 11; wherein said 16 cycles comprise two addi-
tional groups of 8 cycles, and the first mentioned group
of 8 cycles and each said additional groups of 8 cycles 35
are spaced from each other by at least 7 cycles of said
reference signal.

13. Apparatus for a PAL television signal processing
system for producing a color subcarrier signal having a
frequency of fsc, an offset-free horizontal synchroniz-
ing signal having a frequency of f; and an offset-free
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vertical synchronizing signal having a frequency of f,,
comprising;:
means for providing a reference signal having a fre-
quency of 4 fsc satisfying the equation:

]
Jsc = (284 — 3 fi) + 55/

. 1135
Isc==3=Jh+ s fv;

a programmable counter operative to selectively di-
vide said reference signal by 7 in the absence of a
control signal and by 8 in the presence of said con-
trol signal;

a 1/81 frequency divider operative to divide an out-
put of said programmable counter by 81;

a 3 frequency divider operative, in response to an
output of said 1/81 frequency divider, to produce
said horizontal synchronizing signal; |

a 1/625 frequency divider operative in response to
said output of said 1/81 frequency divider to pro-
duce said vertical synchronizing signal;

a decoder operative to decode first, second and third -
conditions of said 1/81 frequency divider;

means responsive to each said horizontal synchroniz-
ing signal to produce a first gating signal;

means responsive to each said vertical synchronizing
signal to produce a second gating signal;

controller means responsive to said first condition of

- said 1/81 frequency divider and said first gating
signal to produce said control signal for 8 cycles of
said reference signal;

said controller means being further responsive to said
second condition of said 1/81 frequency divider
and said second gating signal to produce said con-
trol signal for 8 cycles of said reference signal; and

said controller means being further responsive to said
third condition of said 1/81 frequency divider and
sald second gating signal to produce said control
signal for an additional 8 cycles of said reference

signal.
* % % %k ¥
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